REMARKS 

In view of the above amendments and following remarks, reconsideration and further 
examination are requested. 

The specification and abstract have been reviewed and revised to make editorial 
changes thereto and generally improve the form thereof, and a substitute specification and 
abstract are provided. No new matter has been added by the substitute specification and 
abstract. Also, enclosed is a "marked-up" copy of the original specification and abstract 
to show changes that have been incorporated into the substitute specification and 
abstract. The attached pages are captioned Version with Markings to Show Chang es 
Made." 

The Examiner objected to Figure 12 as not being labeled as —Prior Art—. Accordingly, 
provided herewith is a proposed drawing amendment, and formal drawing, for Figure 12 which 
labels this figure as —Prior Art—. Also, provided are proposed drawing amendments and 
Formal Drawings for Figures 6, 7A, 7B, 10, 11 A and 11$ to make these figures consistent with 
the written description thereof. 

The Examiner rejected claims 4 and 11 under 35 U.S.C. 112, second paragraph, as being 
indefinite for failing to particularly point out and distinctly claim subject matter which 
Applicants regard as the invention. Specifically, the Examiner objected to the use of the 
phrase "different kind 11 . By the current Amendment, claims 1-26 have been replaced by new 
claims 27-55. New claims 31 and 36, which generally correspond to originally filed claims 4 
and 11, respectively, do not use the phrase "different kind", by rather recite that the 
semiconductors are —different— from one another. This language is believed to be definite 
and in accordance with 35 U.S.C. 112, second paragraph, and the claims are otherwise 
believed to be In compliance with 35 U.S.C. 112, second paragraph. 
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The instant invention pertains to a semiconductor package that comprises a 
semiconductor having electrodes on upper and lower faces thereof such that the 
semiconductor can be electrically connected with a circuit board via the electrode on the 
upper face. Such a semiconductor package is generally known in the art as shown by Figure 
12. However, this known semiconductor package suffers from drawbacks as follows. 

First, a wire 4 is used to interconnect the electrode on the upper face of the 
semiconductor and the circuit board. Using such a wire results in a distance between the 
electrode on the upper face of the semiconductor and the circuit board being large. This is 
so because the diameter and other parameters of the wire prevent it from being bent or 
otherwise shaped so as to minimize a distance between the circuit board and the 
semiconductor. Such large distance between the electrode and the circuit board can result 
in a large power loss, and prevents miniaturizing a mounting area around the 
semiconductor. 

Second, when the semiconductor 1 generates a large amount of heat, the circuit 
board 7 is not sufficient to radiate this heat. Failure to sufficiently radiate heat generated 
by the semiconductor limits the use and reliability of the semiconductor package. 

Applicants have addressed and resolved these drawbacks by providing a unique 
semiconductor package. Applicants* inventive semiconductor package comprises, with 
reference to Figures 1 and 2 for example, a semiconductor 1 having electrodes 2 and 3 on 
an upper face thereof and an electrode on a lower face thereof, a heat radiating plate 10 
having a surface to which is joined, via solder or conductive paste, the electrode on the 
lower face of the first semiconductor, and projecting electrodes 11 joined to the electrodes 
2 and 3 and also joined to the heat radiating plate 10. The projecting electrodes 11 can be 
used to electrically connect the semiconductor 1 to a circuit board. 
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Thus, projecting electrodes 11 can be used in place of the wire 4 of the conventional 
semiconductor package ae depicted in Figure 12. By using the projecting electrodes 11 in 
such a manner, the distance between the semiconductor! and a circuit board is less than 
a corresponding distance as shown in Figure 12. This is so because the projecting electrodes 
11, unlike the wire 4, can extend perpendicularly to the circuit board. Such decreased 
distance allows for power loss to be less relative to the power loss associated with the 
semiconductor package as shown in Figure 12, and also allows for miniaturizing a mounting 
area around the semiconductor. 

Additionally, the heat radiating plate 10 allows for the heat generated by the 
semiconductor 1 to be radiated to a greater extent than does the circuit board 7 as shown 
in Figure 12. Accordingly, the semiconductor package as depicted in Figures 1 and 2 is more 
reliable and exhibits a greater use than does the conventional semiconductor package as 
depicted in Figure 12. 

Claim 27 is believed to be representative of Applicants* inventive semiconductor 
package. 

The Examiner rejected claims 1-4, 6-&, 11 and 13 under 35 U.S.C. 103(a) as being 
unpatentable over Takahashi et al. in view of Hikita et aL The Examiner rejected claim 5 
under 35 U.S.C. 103(a) as being unpatentable over Takahashi et al. and Hikita et al. and 
further in view of Sakai et al. The Examiner rejected claims 9 and 10 under 35 U.S.C. 103(a) 
as being unpatentable over Takahashi et al. and Hikita et al. and further in view of Kondoh 
et al. And, the Examiner rejected claim 12 under 35 U.S.C 103(a) as being unpatentable over 
Takahashi et al. and Hikita et al. and further in view of Urushima. These rejections are 
respectfully traversed, and the references relied upon by the Examiner are not applicable 
with regard to the newly added claims for the following reasons. 
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In relying on Takahashi et al. to reject claim 1, the Examiner expressed that Takahashi 
et al. discloses each of the limitations of claim 1 except for pillared or spherical electrodes, 
i.e. projecting electrodes, joined to the electrodes on the upper face of the semiconductor. 
It is it respectfully submitted that a further limitation of claim 27 is not taught or 
suggested by Takahashi et al. 

In this regard, claim 27 recites a semiconductor package that comprises a first 
semiconductor having an upper face electrode on an upper face of the first semiconductor, 
a lower face electrode on a lower face of the first semiconductor, and a heat radiating 
plate having a surface to which is joined the lower face electrode via a joining member. 

The lower face electrode as recited in claim 27, or the lower face electrode being 
connected to a heat radiating plate via a joining member as recited in claim 27, is not 
taught or suggested by Takahashi et al. 

Specifically, while the Examiner has expressed that Takahashi et al. discloses a lower 
face electrode and that the lower face of the semiconductor 12 is joined to the heat 
radiating plate 16 by a joining member, the Examiner has failed to specifically identify any 
component in Figure 2C of Takahashi et al. that corresponds to the claimed "lower face 
electrode", and also has failed to identify any structure which corresponds to the "joining 
member' 1 . 

With regard to Takahashi et al., as expressed in column 1, lines 32-35, it is stated 
that electrode pads are provided on the upper surfaces of the semiconductor elements 12 
as shown in Figure 1B, but Takahashi et al. makes no reference to any similar electrode pads 
being provided on the lower surface of the semiconductor element 12. Accordingly, with 
reqard to Figure 2C, it follows that electrode pads are provided on the upper surfaces of 
semiconductor elements 12, but not necessarily that electrode pads are provided on the 
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lower surfaces of semiconductor elements 12. Accordingly, it is respectfully submitted that 
Takahashi et al. fails to disclose or suggest a "lower face electrode" as recited in claim 27. 

Hikita etal. does not disclose or suggest a semiconductor element having electrodes 
on both of upper and lower surfaces, and accordingly, even if one would have found it obvious 
to combine the teachings of Takahashi et al. and Hikita et la., it is respectfully submitted 
that any combination of Takahashi et al. and Hikita et al. would not result in the invention 
as recited in claim 27. 

With reqard to Takahashi et al., it is appreciated that with reqard to Figure 1f3, the 
semiconductor element 12 is said to be fixed onto the bed 11a by solder 13. Accordingly, it 
can arguably be asserted that with reqard to Figure 2C, the semiconductor element 12 is 
mounted to the bed 22a of circuit pattern 22 via Bolder, whereby this solder can possibly 
be said to correBpowd to the claimed "lower face electrode", since it is on a lower face of the 
semiconductor element 12. 

However, if this solder is equated to the "lower face electrode" as recited in claim 27, 
then the "joining member" as recited in claim 27 would not be disclosed by Takahashi et al. 
In other words, the Bolder of Takahashi et al. can possibly be equated to either the "lower 
face electrode" or the 'joining member", as recited in claim 27 but not both. If the Bolder is 
equated to a "lower face electrode" then there would be no joining member to join the Bolder 
as the lower face electrode to the heat radlatinq plate aB required by claim 27, and if the 
Bolder is equated to a '[joining member" then there would be no lower face electrode that is 
joined to the heat radiating plate by the Bolder aB the joining member as required by claim 
27. 
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Hikita et al. does not resolve this deficiency of Takahashi et al., and accordingly, for 
this additional reason, even if one would have found it obvious to combine Takahashi et al. 
and Hikita et al., claim 27 would not be obvious over this combination of Takahashi etal. and 
Hikita etal. 

The remaining references relied upon by the Examiner also do not resolve the above 
deficiencies of Takahashi etal. Accordingly, claims 27-55 are allowable over any combination 
of references relied upon by the Examiner. 

If the Examiner continues to rely on Takahashi et al. in the rejection of the claims, 
then the Examiner is respectfully requested to specifically explain how the claims are being 
read on Takahashi et al. 

Furthermore assuming arguendo that Takahashi et al. discloses a lower face 
electrode that is connected to heat radiating plate 16 via a joining member, one having 
ordinary skill in the art would not have been motivated to combine the teachings of 
Takahashi et al. and Hikita et al. to arrive at the invention as recited in claim 27. In this 
regard, because Hikita et al. is not concerned with a semiconductor package including a 
semiconductor having electrodes provided on upper and lower surfaces thereof, one having 
ordinary skill in the art would not have been motivated to combine the teachings of Hikita 
et al. with a semiconductor package having a semiconductor with electrodes on both upper 
and lower surfaces thereof, i.e. Takahashi et al. Thus, for this further reason claim 27 is 
allowable. 

New claim 55 more specifically recites the joining member as being one of solder and 
conductive paste in contact with the lower face electrode. In Takahashi et al., even if the 
solder on the bottom of semiconductor element 12 is said to correspond to an electrode, 
there is no additional solder or conductive paste in contact with this solder, and 
accordingly, claim 55 is patentable in its own right. 
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With regard to originally filed claim 3, and new claim 35 which generally corresponds 
to originally filed claim &, it is respectfully noted that the Examiner has failed to specifically 
address this claim. The subject matter added by originally filed claim 8> $ and new claim 35, 
is not taught or suggested by the combination of reference of relied upon by the Examiner. 

In this regard, assuming arguendo that one having ordinary skill in the art would have 
found it obvious to modify Takahashi et al. in view of Hikita et al. for the reasons as 
expressed by the Examiner, the electrodes provided on the electrode pads on the upper 
surface of semiconductor element 12 of Takahashi et al. would merely be a bump electrode 
as disclosed in Figure 7 of Hikita etal., which bump electrode would not nearly extend to the 
height that pin-like electrode terminals 29 of Takahashi et al. extend. Accordingly, even if 
Takahashi et al. were modified in view of Hikita et al. as expressed by the Examiner, the 
resulting combination would not result in the leading ends of the projecting electrodes 
extending to a "uniform height relative to one another" as recited in claim 35. Accordingly, 
claim 35 is patentable in its own right. 

New claim 41 is similar to new claim 35 in that it recites that the projecting 
electrodes are 

substantially equally spaced relative to one 
another from said surface of said heat radiating 
plate 

Accordingly, claim 41 is also patentable in its own right, such that claims 41-54 are 
allowable. 

Furthermore, with regard to originally filed claim 2, and new claim 29, were Takahashi 
| et al. modified in view of Hikita et al. as expressed by the Examiner, any bump electrodes 
, provided on the electrode pads on the upper surface of the semiconductor element 12 of 
Takahashi et al. would be covered in their entirety by the sealing resin of Takahashi et al. 
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This is contrary to what is required by claim 29, which recites that the sealing resin does 
not cover the leading ends of the projecting electrodes. Accordingly, claim 29 is patentable 
in its own right. 

Finally, with regard to originally filed claim 4, and new claim 31, neither Takahashi et 
al. nor Hikita et al. disclose or suggests circuits having "independent polarities 11 . 
Accordingly, claim 31 is patentable in its own right over a combination of Takahashi et al. 
and Hikita et al. 

In view of the above amendments and remarks, it is respectfully submitted that the 
present application is in condition for allowance and an early Notice of Allowance is 
earnestly solicited. 

If after reviewing this Amendment, the Examiner believes that any issues remain 
which must be resolved before the application can be passed to issue, the Examiner is 
invited to contact the Applicants' undersigned representative by telephone to resolve such 



JMG/adb 

Telephone (202) 721-&200 
Facsimile (202) 721-&250 
August 2ft, 2002 



issues. 



Respectfully submitted, 



Kazuhiro NOBORI et al. 




Registration No. 46,500 
Attorney for Applicants 
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> ECiriCATION 

TITLE OF THE INVENTION 

Semiconductor Package And Method For Forming 
Semiconductor Package 

BACKGROUND OF THE INVENTION 

The present invention relates to a package for a 
semiconductor used in electronic equipment and a method for 
forming the semiconductor package. 

A semiconductor is an essential component in 
forming circuits of electronic equipment and, various forms 
for mounting semiconductors have been developed and 

practiced lately. A form of tp€ package as shown in Fig. 12 
has been employed to facilitate handling and mounting t}%6 
semiconductors in the prior art. 

An example of the aforementioned prior art will be 
described with reference to the drawing. 

Fig. 12 shows a sectional view of a form of a 
conventional semiconductor package. 

A semiconductor 1 has an upper first ^ectrode2- 
(upper a electrode) >^ and an upper second electrode^ (upper h 

electrode) ^ set to orre~^aoe— and— a—lowc r ol o ctro d p S s pt to 

fe fee uLli^J. euLli -e face. A circuit board 7 has predetermined 
circuit patterns formed J*T both faces which are joined by a 
through hole conductor (not shown) , with forming a single 



circuit by the two faces. In some cases, balls 8 

essentially consisting of gold, silver, copper, or solder 

are joined, as connecting bodies for connecting the circuit 

board 7 to another electric circuit, to circuit pattern 

5 of circuit board ^ to facilitate connection of the 

circuit board 7 to another electric circuit . 

A 

The semiconductor package is formed by.joining the 

i© one crwi^VveC 

semiconductor 1 and the circuit board 7. First, the lower 

A 

electrode 5 is joined by ^^solder 6 to the circuit pattern 
10 of the circuit board 7. A conductive paste or gold may be 

used in place of the solder 6 for joining the lower 

electrode 5 a#9 the circuit pattern. 

Meanwhile, the upper first electrode^ (upper a 

electrode) and the upper second electrode ^(upper h 

15 electrode) are generally connected to the circuit pattern 

by wire bonding with use of a gold wire or aluminum wire 4 . 

In order to protect a circuit forming part 

primarily consisting of the semiconductor 1, the circuit 

board 7 at the sa.de ef'teha face to which the semiconductor 1 
20 is mounted is coated with aico - of an insulating resin 9 in a 

manner not to deform the joining gold wire or aluminum wire 

4. The semiconductor package is formed in this manne r with 

a. protection effect and ^ ease of use improved. 

The insulating resin 9 is supplied by molding with 
25 use of a mold, pouring molten resin heating and 



melting tfie resin of powder or particles after placing the 

7 A of %"Si^iM s^wtfvtl, 

resin on an upper face of the semiconductor 1» thereby 

coating the semiconductor entirely^ or — tho 1 i lea manner . 

When the semiconductor Jioatc by a ■l-orgo»r>— ome^m^ in 

A 

5 the above-described constitution, the circuit board is not 
enemgh to radiate heat. Even if the circuit board is formed 
of ceramic -of'" aw good heat conductivity .and used to radiate 
heat to a heat radiating plate or the like, emphasis is put 
on forming the circuit pattern? that is, heat radiation is 

10 ^ka&s* -taken 4nta considerat ion, whereby a radiation loss is 
jaaoy- to gQno*afro . Also, even if the gold wire or aluminum 
wire is utilized to radiate heat, since the gold wire or 
aluminum wire used for wire bonding is limited in diameter, 
the wire should be used within a current capacity allowed* 

15 for its diameter. A plurality of joints must be carried out 
JsfC one electrode to cope with a large current as in a power 
source circuit. Although a distance between electrodes must 
be secured to ensure safety and reliability in accordance 
with a current increase, the distance is hard -to secure in 

20 the case the gold wire or aluminum wire because the wire 

1 A 

is varied in shape at the time of wire bonding deformed 
during processes alLuJi waiTls , or the like. 
SUMMARY OF THE INVENTION 

I JEhfe object of the present invention is accordingly 
25 to jsomova the above issueS and provide a semiconductor 



package which is comprised of one or a plurality of 
semiconductors and can w ievh ^ a superior heat radiation 
ef f ect^&ft^ a simple structure and a stable quality^e**^ ^ * 
method for forming the semiconductor packagj^. 
5 In order to accomplish the above objective^ the 

present invention is constituted as will be described below. 

In accomplishing these and other aspects, 
according to a first aspect of the present invention, there 
is provided a semiconductor package comprising: 

©fV 

10 a first semiconductor having electrodes formed 

both of an upper and a lower face^f; 

a heat radiating plate to. which a lower face 

electrode of the first semiconductor is joined with use of a 

joining member; and \ / . \ 

15 pillared^or spherical electrodes A which are joined 

to ^Ke^upper face electrodes of the first semiconductor and 

the heat radiating plate^respectively . 

According to a second aspect of the present 

invention, there is provided, a semiconductor package 
20 according to the first aspect, further comprising a sealing 

resin with which the first semiconductor and a face of the 

heat radiating plate joined to the first semiconductor are 

covered in a manner to expose a part of leading ends of the 

pillared or spherical electrodes* 
25 According to a third aspect of the present 



invention, there is provided a semiconductor package 
according r to the first or second aspect, further comprising 
a second semiconductor having electrodes formed both of 
an upper and a lower f ace£ andP^cfl the same kind**p#* the first 
semiconductor^ fix lower face electrode of the second 
semiconductor teJ^i g joined to the heat radiating plate with 
use of a joining membe% Ihe heat radiating plate having an 

owe 

electric circuit of an equal polarity formed of a single or 
a combination matiOTri. .il of gold, silver, copper, nickel, and 
tungsten and set to ceramic, with the first and second 
semiconductors being joined to the electric circuit of t£*r 
equal polarity* 

According to a fourth aspect of the present 
invention, there is provided a semiconductor package 
according to the first or second aspect, further comprising 
a third semiconductor having electrodes formed per both of an 
upper and a lower faceJ x and or a different kind odT the first 

> A 

semiconductor^ lower face electrode of the third 

semiconductor ^sJ*Ag joined to the heat radiating plate with 
use of a joining member^ \he heat radiating plate hauiTtlj an 
electric circuit of a plurality of Volaritie^. iLi ' idtsE ii Bin i Bnli 1 i 

A ocyp^ 

with the circuit being formed of a single or a combination 
matotfiLffll of gold, silver, copper, nickel, and tungsten and 
set to ceramic yaadL with the first and third semiconductors 
of different kinds being joined respectively to the 



plurality of polarities of the electric circuit. 

According to a fifth aspect of the present 
invention, there is provided a semiconductor package 
according to any one of the first through fourth aspects, 
wherein the heat radiating plate is constituted of ceramic 
i» — -& multilayer structure, having a circuit for the 
semiconductor and the pillared or spherical electrodes^******** 

it one *f 

~"^he-~-circuit being , formed of a single^or a combination 
iftatoga-oJL of gold, silver, copper, nickel, and tungsten and >. 



10 set to a front face fchei?a e fr, amH»\he heit radiating plate 

has ^wiidmLfeor layers formed of an a qmri . material to a 

material of the electrodes. p# the front face bliu*e.ef | and 

arranged between layers of tJ*C ceramic to be connected to 
o«v of hmV ft>dfart\Y6 OW* 

the circuit the front face, so that heat of the 

A 

15 semiconductor is radiated by both the ceramic and the 

^°^nductor 1 

According to a sixth aspect of the present 
invention, there is provided a semiconductor package 
according to the first or second aspect, wherein the heat 
20 radiating plate is formed of any one iiiuLui'iwl of copper, a 
copper alloy, aluminum, and^aluminum alloy, or any one ot 
^ metals subjected to surface treatment. 

According to a seventh aspect of the present 
invention, there is provided a semiconductor package 
25 according to any one of the M-rs-t^j \ rl through sixth 
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aspects, wherein - a coaling ' Mociin i mwi the pillared or 

spherical electrodes are formed by ^moving\si^ultaneously^ 

part of ^Ja€ sealing resin and part of the pillared or 

spherical electrodes after the pillared or spherical 
5 electrodes are covered with the sealing resin, thereby 

exposing the pillared or spherical electrodes to constitute 

electric connecting parts. 

According to an eighth aspect of the present 

invention, there is provided a semiconductor package 
10 according to any one of the first through seventh aspects, 

wherein the pillared or spherical electrodes have leading 

ends pressed smoothly to a uniform height . 

According to a ninth aspect of the present 

invention, there is provided a semiconductor package 
15 according to any one of the first through eighth aspects, 

wherein the pillared or spherical electrode formed 

materials of different hardnesses bfi i tunnin an inside thereof 

and an outside thereof. * 

According to a >1.nteh aspect of the present 
20 invention, there is provided a semiconductor package 

according to any one of the first through eighth aspects, . 

wherein the pillared or spherical electroddS^e formed 

materials of different melting temperatures Lufeuoon an 

inside thereof and an outside thereof. 
25 According to an -l*-th aspect of . the present 



invention, there is provided a semiconductor package 

according to any one of the first through third aspects, 

.wherein further comprising a fourth semiconductor having 

electrodes formed >^ both of an upper and a lower f^cef and bc\Yv^ 

5 of a different kind j^P the first semi conductor^ and UUUluy u 

h<t%> <fc lower face electrode of equal current and voltage 

characteristics ^to A the first semiconductouo V he lower face 

electrode of the fourth semiconductor biting joined, to the 

heat radiating plate with use of a joining member, the firot 

Li 

10 -anel fourth semiconductor#-es-e mounted on the heat radiating 

plate. | \ 

According to a 4?S*h aspect of the present 

invention, there is provided a semiconductor .package 

according to any one of the first through JAth* aspects, 
15 wherein the heat radiating plate is provided with pits and 

projections a feronte faoo o - f— a face opposite to a face 

joined to the semiconductors* I 

According to a i3*n aspect of the present 

invention, there is provided a semiconductor * package 
20 according to any one of the first through aspects, 

wherein a plurality of bumps are disposed between the upper 

face electrodes of the semiconductors and the pillared or 

spherical electrodes. -Qvittwh 

According to a l^CTi aspect of the present 
25 invention, there is provided a method for forming a 



semiconductor package, comprising: 

joining a lower face electrode of a first 
semiconductor^ which has electrodes formed both of an 

upper and a lower face^to a heat radiating plate with use 
5 of a joining member; and v 

joining pillared^or spherical electrodes to ^krtT 
upper face electrodes of the first semiconductor and the 
heat radiating plate^respect^^]^^^ 

According to a aspect of the present 

10 invention, there is provided a method for forming a 
semiconductor package according to the i4**r aspect, further 
comprising, after the pillared or spherical electrodes are 
respectively joined to the upper face electrodes of the 
first semiconductor and the heat radiating plate, covering 

15 the first semiconductor and a face of the heat radiating 
plate joined to the first semiconductor with a sealing resin 
in a manner to expose a part of leading ends of the pillared 
or spherical electrodes. \^ 

According to a - aspect of the present 

20 invention, there is provided a ^et^d^or ^^^ning^a 
semiconductor package according to the LAfch or - 15th » aspect, 
wherein when the first semiconductor is joined to the heat 
radiating plate, a lower face electrode of a second 
semiconductor of the same kind pfT the first semiconductor 

25 which J&ee* electrodes formed p6 both of an upper and a lower 
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face# is joined to the heat radiating plate with use of a 
joining member^ and ■■ tihc first and second semiconductors are 
joined to an electric circuit ^^^rff^ec ftfat 1 polarit^of the 
heat radiating plate^with the electric circuit of J£*fe equal 



5 polarity being formed of a single^or a combination mateuiml 

A 

of gold, silver, copper, nickel, and tungsten^ and set to 
ceramic. A 

According to a <l 7th aspect of the present 
invention, there is provided a method for forming a 

10 semiconductor package according to the Irtteh or IGteh aspect, 
wherein when the first semiconductor is joined to the heat 
radiating plate, a lower fa.ce electrode of a third 
semiconductor^ of a different kind^^ the first semiconductor 
^h^ch h^s electrodes formed p& both of an upper and a lower 

15 face/^is* joined to the heat radiating plate with use of a 
joining member^ <&**tiW \he first and third semiconductors are 

joined to an electric circuit of a plurality of polarities 

, otx * 

iHidipnunlCJiiLly j& the heat radiatina plate. with, the electric 

circuit being formed of a single or a combination mnt-riTii 

A 

20 of gold, silver, copper, nickel, and tungsten^and set to 
ceramic. \ _ fc \ 

According to an J*tH?ft aspect of the present 
invention, there is provided a method for forming a & 
semiconductor package according to any one of the Mfeh 

25 through -l ' ?tt T» aspects, further comprisin^^ before the 



semiconductor is joined to the heat radiating plate^ forming^ 
on a front face of the heat radiating plate constituted of Q ' 
ceramic -ift — -a -1 nvoS structure, a circuit for the 
semiconductors and the pillared or spherical electrodes J*$ a 
5 single or a combination ^niafcuuio i l of gold, silver, copper, 
nickel, and tungsten, and arranging candwtmr layers . of ^st 
.oqual material to a material of the electrodes &4t the front 
face between layers of the ceramic»to- be connected to the 
circuit/ of" the front f ace^frhormnf , so that heat of the 

10 semiconductors is radiated by both the ceramic^ and the 
condufflifefiag layers* ft L 

According to a aspect of the present 

invention, there is provided a method for forming ia 
semiconductor package according to the 1 fttah or U&WT aspect, 

15 "h-r^-^ bpfr^ Q 4 " v — "Pffli ranductpy , i Ininnri fr* itjii hua t 

radi in t in g- p l nt i j frrnnrnj the heat radiating plate any one 

a* 

s iaterial of copper, 4. copper alloy, aluminum, and A aluminum 
alloy, or any one of JWffe metals subjected to surface 
treatment. w H 

20 According to a DOfeh * aspect of the present 

invention, there is provided a method for. forming a | 
semiconductor, package according to any one of the W^li 
through ^ ■ frteh aspects, further comprising: 

after the pillared or spherical electrodes are 

25 respectively joined to the upper face electrodes^ of the 
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first semiconductor and the heat radiating plate, covering 
the pillared or spherical electrodes with prfk sealing resin; 
and 

thereafter removing part of the sealing resin and 
5 part of the pillared or spherical electrodes simultaneously, 
thereby exposing the pillared or spherical electrodes to 
constitute electric connecting parts. 

According to a 2 hot aspect of the present 
invention, there is provided a method for formi^^a^^ 
10 semiconductor package according to any one of the ^LAfcto ^ 
through BOWi aspects, further comprising, after the 
pillared or spherical electrodes are respectively joined to 
the upper face electrodes of the first semiconductor and the 
heat radiating plate, ^r^singys ^othl ^ leading ends of the 
15 pillared or spherical electrodes to a uniform height. 

According to a - SSnd aspect of the present 
invention, there is provided a method for forming a I 
semiconductor^package according to any one of the ■*■! Ill 
through^ai^ aspects, wherein when the pillared or spherical 
20 electrodes are respectively joined to the upper face 
electrodes of the first semiconductor and the heat radiating 

cute 

plate, the pillared or sphericaL electrode* of 
materials of different, hardnesses &&bw&es*» an inside 
-aa»* an outside TdaoroQ ' f "' i hiwumnVl . % \ 
25 According to a 1 -33#S aspect of the present 
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invention, there is provided a method for formigg^a^^ 
semiconductor package according to any one of the ^llfth* 
through AiSfe aspects, wherein when the pillared or spherical 
electrodes are respectively joined to the upper face 
5 electrodes of the first semiconductor and the heat radiating 
plate, the pillared or spherical electrode^ filmed of 
materials of different melting temperatures botuno ^ an 
inside A heifco f and an outside fchogoofl ojO uood . * ■ 
According to a <2A£U> aspect of the present 
10 invention, there is provided a method* for forming a v 
semiconductor > package according to any one of the ldtd» 
through 3L6tefa aspects, wherein when the first semiconductor 
is joined to the heat radiating plate, a lower face 



of a fourth semiconductor, having electrodes formed 



electrode 

15 jwf both of an upper and a lower face/ and of a different 
kind p\ the first semiconductor^ a.nd». h ?nr i.ng the lower face 
electrode i^-mTi iniiiiiili current and voltage characteristics to t^M* 
Or the first semiconductor, is joined to the heat radiating 

plate with use of a joining member, so that the t . a £lr.s.t M and 

■11 

20 fourth semiconductors^ a *?e mounted on the heat radiating 

According to a > flOLft aspect of the present 
invention, there is provided a method for forming a \ 
semiconductor package according to any one of the ■i'llli 1 
25 through afrtoh» aspects, further comprising providing the heat 
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radiating plate with pits and projections at a fyont-fnnn nf » 
efface opposite to the face joined to the semiconductors. 

According to a aspect of the present 

invention, there is provided a method for forming a 1 
5 semiconductor package according to any one of the »W LI I 1 1 
through *a-&h aspects, further comprising forming a plurality 
of bumps ^ the upp^^Lectrodes of the semiconductors, 

wherein when the(i> pillared or spherical electrodes are 
joined to the upper face electrodes of the semiconductor^ 
10 the pillared or spherical electrodes are joined to the upper 
face electrodes of the semiconductors via the plurality of 
bumps . 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other aspects and features of the 
15 present invention will become clear from the following 
description taken in conjunction with the preferred 
embodiments thereof with . reference to the accompanying 
drawings, in which: 

Fig. 1 is a plan view of a semiconductor package 
20 according to a first embodiment of the present invention; 

Fig. 2 is a sectional view of the semiconductor 
package of the first embodiment of the present invention 
taken along a line A- A of Fig. 1; 

Fig. 3 is a sectional view of a semiconductor 
25 package according to a second embodiment of the present 
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invention; 

Fig. 4 is a plan view of a semiconductor package 
according to a third embodiment of the present invention; 

Fig. 5 is a sectional view of the semiconductor 
5 package of the third embodiment of the present invention 
taken along a line B-B of Fig. 4; 

Fig. 6 is a sectional view of a semiconductor 
package according to a fourth embodiment of the present 
invention assumed to be cut along a line B-B f of Fig. 4; 
10 Figs. 7A and 7B are sectional views of a 

semiconductor package according to a sixth embodiment of the 
present invention; 

Figs. 8A and 8B are sectional views of a 
semiconductor package according to a seventh embodiment of 
15 the present invention; 

Figs. 9A, 9B, and 9C are sectional views of a 
semiconductor package according to an eighth embodiment of 
the present invention; 

Fig. 10 is a sectional view of a semiconductor 
20 package according to a ninth embodiment of the present 
invention; 

Figs. 11A and 11B are a plan view and a sectiona^^ 
view of a semiconductor package according to a 10 th 
embodiment of the present invention; 
25 Fig. 12 is a sectional view of a . semiconductor 



package of the prior art; 

Fig. 13 is a plan view of the semiconductor 
package >fi the third embodiment of the present invention 
when electric circuits of j^rf equal polaritjf are formed po 
5 .wh^ln surface of a ceramic radiating plate; 

Fig. 14 is a sectional view showing a state of 
joining a circuit board and a semiconductor element with use 
of the semiconductor package of the* eighth embodiment of the 

A A 

present invention; 

0 Fig. 15 is a sectional view of a state of joining 

a circuit board and a semiconductor element with use of the 

semiconductor package of the eighth embodiment of the 

A 

present invention; and 

Figs. 16, 17, and 18 are sectional views of 
5 semiconductor packages according to other examples of the 
eighth embodiment of the present invention. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Before the description of the present invention 
proceeds, it is to be noted that like parts are designated 
0 by like reference numerals throughout the accompanying 
drawings . 

Semiconductor packages and methods for forming the 
semiconductor packages according to embodiments of the 
present invention will be discussed in detail below on the 
5 basis of drawings. 
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(FIRST EMBODIMENT) 

Fig. 1 is a plan view of a semiconductor package 
according to a first embodiment of the present invention, 
and Fig. 2 is a sectional view of the semiconductor package. 
5 In the semiconductor, package according to the 

first embodiment of the present invention, pXe lower face 

(r\aUW\^ oT\ 
electrode of a semiconductor L> electrodes formed £0 both 

upper and lower faces, and tho — lower — facti elticLiudy ul Lhc- 

somi conductor ■■! is joined to a heat radiating plate 10 with 

10 use of solder^ and^The dipper face electrodes 2 and 3 of 

the semiconductor 1^ and the radiating plate 10^ are joined to 

pillared/or spherical electrodes 11. 

A A 

The .mulalli'c: heat radiating plate 10 is formed of 
any one of copper, a copper alloy, aluminum, and^ aluminum 
15 alloy. The metallic radiating plate 10 and >*e^ jb ower 
electrode £Lower face electrode? of the semiconductor 1 

faa wmy el^LiLLude^ to tJsuG upper and l o wer ^yth facoc are 

TO A 
joined vjtith each other by tjffe solder. A thickness of a 



layer foprt^d of the solder is made as small as possible, so 
20 that its heat conduction efficiency is improved. Other 
examples of joining member are conductive paste, gold, 

or the like. When the joining member is solder, heat 
conductance, joining properties (^as^aass of joining) J/O the 
semiconductor, and heat resistance may be improved. When 
25 the embodiment is applied to drivers of industrial motors 
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such as AC servo motors^ and there is caused any lock of J^ar£ 
rotation of the motor to generate heat of about 120°C to 
which the joining member is subjected, such a joining member 
is preferably formed of solder. When the joining member is 
5 of gold, ^Ke heat conduction properties become high and tl^ 
electrical resistance becomes lower. 

The pillared or spherical electrodes Unformed of 
a metal essentially consisting of any one of gold, silver, 
copper, and aluminum are joined to the upper fi^st electrode Cm 
10 (upper a$ electrode) S and the upper ^eeortd electrode^ (upper 

oho 

h electrode) 0 of the semiconductor lj and^to ttfe metallic 
radiating plate 10 with use of ultrasonic oscillation, 
solder, or conductive paste. The conductive paste is a 
mixture of a metallic powder such as gold, silver, or the 
15 like and generally an epoxy resin or silicone resin having 
thermosetting properties and insulating properties, thereby 
exhibiting electric conductive and adhesive properties. 

Leading end parts of the pillared or spherical 

a 

electrodes 11 at tj>e side not to be joined to the 
20 semiconductor 1 and the metallic radiating plate 10 are used 
for g *DMAfng to a circuit board after the semiconductor 
package is completed. For this purpose, it is necessary to 
form the pillared or spherical electrodes 11 without a step, 
in other words, at an approximately equal height. 
25 Mixed-mounting of semiconductors 1 of different 
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kinds can be carried out on the metallic radiating plate 10 
if the semiconductors have equal current and voltage 
characteristics a p clated to the lower, elect rode# • 

In the above constitution, the lower^ electrode of 
5 the semiconductor 1 is joined to the radiating plate 10 with 
use of the solder, while the upper _ electrodes (upp e r faco 
olcctrodoc) 2 and 3 of the semiconductor l^and the radiating 
plate 10^ are joined to the pillared or spherical electrodes 
11. When £i£e radiating plate 10 of tpfe metal is used, the 

10 semiconductor 1 is always joined directly only via the 
solder to the metallic radiating plate 10, so that^fe heat 
of the semiconductor 1 is considerably ouickly transmitted 
to the metallic radiating plate 10, spread *rT the <whrc*e of 
the radiating plate 10 and radiated from a surface of the 

15 radiating plate 10, A temperature rise of the semiconductor 

1 is accordingly prevented. Moreover, the metallic 

radiating plate 10 is utilizable as a conductor for the 

lower, electrode if a connecting terminal, is joined to the 
A 

radiating plate 10. 
20 (SECOND EMBODIMENT) 

Fig. 3 is a sectional view of a semiconductor 
package according to a second embodiment of the present 
invention which uses a sealing resin 12 having insulating 
property. 

25 The semiconductor package in the second embodiment 
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of the present invention is formed by covering the 
semiconductor package of the first embodiment with the 
sealing resin 12 in a manner to partly expose the pillared 
or spherical electrodes 11. 
5 More specifically/ after joining the pillared or 

spherical electrodes 11 of the first embodiment, the 
semiconductor 1 is covered with the sealing resin 12 -with 
use of a mold or jig so that end parts of the pillared or 
spherical electrodes 11 at tp*fe side joined to yte circuit 

10 board project, e.g., by approximately 50-200um > thereby 

A 

forming projecting parts 13. 

When the mold, is to be used, the semiconductor 
package of the first embodiment is arranged beforehand 
within a cavity of the mold. Jpf& Molten sealin 9 resin 12 is 
15 injected, into the cavity generally by injection molding, 
then cooled and hardened. When the jig is to be used, on 
the other hand, the metallic radiating plate 10 is 
P^I^ Wt J^surrounded in tha peiiphci - y by a material no t^ joined to the 
sealing resin 12, and then tp? molten sealing, resin 12 is 
20 poured thorn 4 -, cooled and hardened. Alternatively, a 
specified amount of tile' powder or particle sealing resin 12 
is put-in the periphery^ heated, melted, cooled and hardened. 

In the above-described arrangement, after the 
lower face electrode of the semiconductor 1 having — febe 
25 u l octrniir-i j r.i f j -. rfh upp^r 1 ~...^r- fapoc is joined to the 
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radiating plate 10 with use of the solder and, the upper ^dC? 
electrodes 2 and 3 of the semiconductor 1^ and the radiating 
plate 10^ are joined to the pillared or spherical electrodes 
11, the semiconductor 1 is covered with the sealing resin 12 
5 to expose the projecting parts 13 as part of the pillared or 
spherical electrodes 11. Since the semiconductor 1 is 
covered with the sealing resin 12 except A Lea^d-ng--€mi parts 
13 of the pillared or spherical electrodes 11, each 
component is protected from deformation, damage, moisture, 

10 dust, or the like and the semiconductor package after 
■complotaod becomes easy to handle. 
(THIRD EMBODIMENT) 

Figs. 4 and 5 are a plan view and a sectional view 
of a semiconductor package according to a third embodiment 

15 of the present invention which uses a ceramic radiating 

plate 14 having, insulating propofffey . 

^WcAxvC . . v/ 

In Figs. 4 and 5, an electrode circuit IS^ (15A, 

15B) for joining tj*6 lower electrode of the semiconductor X 

(1A, IB) is formed p6 an upper face of the ceramic radiating 

20 plate 14 with use of gold, silver, copper, nickel, tungsten, 

or the like. 

In the case where one semiconductor yfcC«f™' tlm lyumt , 

A of 

Jfriw cfr is to be mounted, where a plurality of semiconductor^^ 

are to be mounted, or where a plurality of semiconductors 1A, 
25 IB of different kinds with equal current, and voltage 
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characteristics at t^H cido of tho lowor olootrodo s are to 
be mounted, tj*e electrode circuit (15A ok — of an 

equal polarity is formed of the aforementioned material 
the entire surface of the ceramic radiating plate 14 as 
shown in Fig. 13. 

On the other hand, in the case where a plurality 
of semiconductors 1A and IB of different kinds and different 
current and voltage characteristics at ^e side of the lower 



electrodes are to be mounted, - electrode ., circuits 15A and 15B 



10 of a plurality of d ifferent po larities ^independently of each, 

£th£^ 1A and 1B s OTN 

o^f t?^et ±]he pillared or spherical electrodes 1 1 ~Eux. : the., lower 
■oloctrodGG, as shown in Fig. 4. 

Any of the semiconductors -1-^-1 Ay^and—IB^ is mounted 
15 by soldering onto ,the formod circuit 15, 15A, 15Bj 
respectively. Thereafter, the pillared or spherical 

electrodes 11 are joined 4&to febe* semiconductors*; — i&r, — 3** 
and the l fee?trodc circuitSlS, ISA, 15B with use of any one 
of ultrasonic oscillation, solder, and conductive paste . 
20 In forming the electrod e circuit 15 of a 

conductive paste, a resin component in the conductive paste 
is preferably burnt by baking at 600-1600°C to ef f ectuate a* 
intermetallic bond, so that t^e heat conduction efficiency 
is improved through firm joining of the circuit 15 with the 
25 ceramic radiating plate 14. 
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Generally, when tife* current and voltage 

characteristics are different between lower^ electrodes of 

semiconductors 1A and IB of different kinds to be mounted on 

the same radiating plate 14, the mounting is impossible if 

<*/\ 

5 the radiating plate is metallic. However, in pie 

arrangement ^f- n^ i tn ^ pml^^rm^ the electric circuit 15 

of the same polarity, or electric circuits 15A and 15B of a 

oxvC o$ 

plurality of polarities are formed of a single^ or a 
combination mul u ilal of gold,, silver, copper, nickel, or 

10 tungsten po the entire face or part of the face of the 

ceramic radiating plate 14, while the radiating plate 14 and 4^ 
Jtfze- semiconductorSl-^^^^A^^d^-lB are joined and aloo the 
radiating plate 14 and the pillared or spherical electrodes 
11 are joined. Since the plurality of polarities are 

15 provided independently of each other on the radiating plate 

14 with utilization of insulating, heat conductive, and 

radiation properties of the ceramic, the semiconductors can 

s\ 

be independent and mounted on an equal face. At the same 
time, when semiconductor is covered with the sealing 

20 resin 12 in the application of the earlier second embodiment, 
since the radiating plate 14 itself is an insulator, 
electrically active parts except the leading end parts 13 of 
the pillared or spherical electrodes 11 to be connected to 
t%e circuit board are prevented from being exposed, 

25 feh mtiftU ' ti UfctTliy iiupiovoc U in safety and . reliability. 
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Moreover, a thin wiring is eliminated t and an allowable 

current can be made large when the eieatrAc circuit 15 of an 

equal polarity is formed. An area of a metallic wiring 

conducting heat well is increased, whereby heat radiation 

5 properties can be improved. 

(FOURTH EMBODIMENT) 

A semiconductor package according to a fourth 

embodiment of the present invention will be described with 

reference to Fig. 6. Fig. 6 is a sectional view of a 

10 multiiaye*- j>£ ceramic radiating plated 

erf 

The semiconductor package irf the fourth embodiment, 

has a radiating plate 40 formed of ceramic^ in a layoarod 

rncftnre . J^tffe semiconductor and electrodes for pillared 

acyf 



or spherical electrodes are formed of a single or a 

15 combination material of gold, silver, copper, nickel, and 

OT\ 

tungsten p6 a front face of the radiating plate 40, and 
c onducto r layers to be connected to the electrodes of the 
front face are formed^of a n oqual " material to a ihaterial of 
the electrodes . of the front face^between the ceramic layers it** <*Y>J^k 

20 of the radiating plate 40. Heat of the semiconductor ,,r l is 
accordingly radiated by both the ceramic layers^ and the 
eerrctatrfctrr layers. ■ , > $ 

A method for forming the c oramiG^of Lhu railiuLiiiu I 
plate 40 in memy layoKG is not different from generally Hised 

25 ©nw-. For instance, in the case where the radiating plate 



*' 25 

40 is constituted of an upper ceramic plate 14a and a lower 

(oKtf o< V'S 
ceramic plate \4b, holes 16 are formed JsG the upper ceramic 

plate 14a and olcctrodc circuit (s) 15C are formed >o a front 

face of the upper ceramic plate 14a. Moreover, a n tarpiV I 

materTSl^to a material of the clcefe e de circuit (s) 15C is 

filled >fi the holes 16, thereby forming oendLfCLui L &yoro 15D. 

In the meantime, e lectrode circuits of a necessary area are 

formed as internal conductors 17 >6 a front face of the 

lower ceramic plate 14b. Thereafter, the upper ceramic 

plate 14a and lower ceramic plate 14b are united while the 

^oi-iduefeoir lu^Ul ' ^ 15D of the upper ceramic plate 14a are 

electrically joined with the internal conductors 17 of the 

lower ceramic plate 14b, as shown in Fig. 6; . The ceramic 

plate 14a and ceramic plate 14b are united- wiLlr use of an 

adhesion force generated in con sognrnn^iin of drying and baking 

*Yeci>t\G ^\ 

a conductive paste used for forming the electrod e circuits) 
15C, ..15D % and the internal conductors 17. or.use of uLhu*- 
adhesive so that the ceramic plate 14a and ceramic plate 14b 
are joined to each other. Another method uses a ceramic 
green sheet, in which the above upper and lower ceramic 
plates 14a and 14b are replaced with gp*T green sheets. 
After the same process as above, the ceramic green sheets 
and conductive paste are simultaneously baked and united at 
600-1600°C. The semiconductor 1 and pillared or 

spherical electrodes 11 are mounted to the thus-formed 
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10 



ceramic radiating plate 40, whereby the semiconductor 
package is completed as indicated in Fig. 6. 

In this case, J^l£ heat generated at the 
semiconductor 1 is directly transmitted to the jo>«£d. 
oloetrod e circuits 15C and to the internal, conductors 17 via 
the conducto r luyuii. 15D inside the holes 16 further to t the 
ceramic plate 14b. The heat is radiated from a lower 
surface of the lower ceramic plate 14b. Although the 
radiating plate 40 in the figure is constituted of two 
ceramic plates 14a and 14b, ceramic plates can be 

overlapped in many layers by repeating the s^me process. 



Normally, tJ*e transmission of heat is carried out 
not only via the oomiuotoi? jTayeus 15D in the holes 16, but 
through every joined part. 
15 In the arrangement, the radiating plate 40 is 

constructed in a layered structure of ceramic, wiLh having 
the semiconductor 1 and the electrodes-^— fo^-^pillared or 

O^'ofx 1 ^ ft 

spherical electrodes 11 formed of a single or a combination 0\ 

? A so 

niaLidilal erf gold, silver, copper; : nickel, and tungsten tpr 
20 tjare front face andT havlng rnnrUintoi? 1 ' layoBc 15C, 15D, and 17* 
form ed, of the same material as tho -- moto-r i a t of the 
electrodes of the front face, between the ceramic layers to 
be connected with the electrodes of the front face, so that 
tjre heat is radiated both from the ceramic radiating plate 
25 40 and the etsudWJlOl 1 ld^Lib 15C, 15D, and 17. More 
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specifically, a heat conduction performance of the metal is 

> 

utilized in order to improve inptfe heat radiation efficiency 
of the ceramic of the radiating plate 40. In addition, the 
oonduotor * layog s 15D and internal conductors 17 are set as a 
heat-transmitting metallic layer inside the ceramic of the 
radiating plate 4 0 to be connected to the electerAGu 
circuit (s) 15C of the front face of the radiating plate 40 
connected with the semiconductor 1 in order to transmit pie 
heat generated at the semiconductor 1 as fast as possible to 
the whoJU» of the radiating plate 40. Tire iieat can thus be 
transmitted from the electr-ic- circuit (s) 15C through the 
^>ndue,LujL T.av^i-A 15D and the internal conductors 17 to the 
lower ceramic plate 14b. diffusion efficiency can be 

improved* and tpB heat radiation efficiency can x be 
fuffthci? b i 



(FIFTH EMBODIMENT) 

In a semiconductor package according to a fifth 
embodiment of the present invention, the radiating plate is 

owe a 

formed of any singl e — matorial of copper, ^ copper alloy, 
OCA 

aluminum, and. aluminum alloy, or the one metal thereof after 

subjected to surface treatment. Since t)*e copper, copper 



alloy, aluminum, or^ aluminum alloy has good processability 
to allow various working methods of cutting, casting, and 
the like, a large degree of freedom in shape is effectuated 
and a use range is enlarged in combination with the surface 
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treatment . 

As above, when the radiating plate is formed of 
any one m ateria l of copper, ^ copper alloy, aluminum, and 
<S<v aluminum alloy or the one metal thereof after subjected to 
5 the surface treatment, if one semiconductor JL is to be 

mounted. or a plurality of semiconductors J? including lower "foc^ 
electrodes of equal current and voltage characteristics 
are to be mounted, the radiating plate itself may be a 
conductor. Since the above materials transmit* heat and 
10 electricity good, diffuses heat fast, and is easy to solder 
amnng metals, £tfe heat of the semiconductor can be 

radiated more effectively. 
(SIXTH EMBODIMENT) * 

A semiconductor package a sixth embodiment of 
15 the present invention will be described with reference to 
Figs. 7A and 7B. ^ 

The semiconductor package &t the sixth embodiment 
of the present invention is obtained by covering pillared or 
spherical electrodes 11 with sealing resin 12 as shown 

20 in Fig. 7A, then simultaneously removing part of the sealing 
resin 12 and part of the pillared or spherical electrodes 11 
to expose electrode parts of the pillared or spherical 
electrodes 11, thereby forming connecting parts as shown in 

Fig. 7B. _ 

Ck 

25 More specifically, in Fig. 7A, £}a€ semiconductor 1 
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and the pillared or spherical electrodes 11 mounted on an 
"olootrodo circuit of metallic radiating plate 10^ or 

ceramic radiating plate 14 are covered with the sealing 
resin 12 with use of a mold or a jig as described in the 
second embodiment. The sealing resin 12 is applied J>y an 
amount at least covering leading end parts of the pillared 
or spherical electrodes 11/ preferably, an amount whereby a 
margin is provided the leading end parts as indicated in 
Fig. 7A. Thereafter, in Fig. 7B, a part 18', that is x an 
upper part of the pillared or spherical electrodes 11^ and 
part of the sealing resin 12 formed in Fig. 7A is removed, 
whereby a smooth face 19 is formed and end faces of the 
pillared or spherical electrodes 11 are exposed. 

The part 18 is removed by cutting by means of a 
15 rotating or reciprocating cutting toolj or rotating an 
abrasive paper. 

The removal is carried out on the basis of a lower 
face of the metallic radiating plate 10 or ceramic radiating 



10 



plate 14, whereby a total height is uniform^ without the 
20 need of carefully taking, the amount of the sealing resin 12, 

A 

■ into account . 

According to this constitution, part of the 
sealing resin 12 and part of the pillared or spherical 
electrodes 11 are removed at the same time after the 
25 pillared or spherical electrodes 11 are covered with the 
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sealing resin 12, thereby exposing the electrode parts of 

the pillared or spherical electrodes 11 to form the 

connecting parts. Electrodes are accurately uniform^ in 

height. In other words, although it is considerably 

5 difficult to uniform a plurality of electrodes 11 in height 

A 

when the pillared or spherical electrodes 11 are set on the 
Electrode circuit of the semiconductor^ 1 and the metallic 
radiating plate 10 or ceramic radiating plate 14, all the 
electrodes 11 can be unif orm^gfr in height by removing part of 

A 

10 all electrodes 11 together with part of the sealing resin 12, 
so that an accuracy necessary for mounting can be fully 
satisfied. 

(SEVENTH EMBODIMENT) 

A semiconductor package according to a seventh 

15 embodiment of the present invention will be discussed with 
reference to Figs. 8A and 8B. The semiconductor package of 
the seventh embodiment of the present invention has pillared 
or spherical electrodes 11 joined to tp>4* semiconductors 1 
and a metallic radiating plate lOjor sealed with sealing 

20 resin 12, and pressed smoothly thereafter. 

The pillared or spherical electrodes 11 joined to 
the semiconductors 1 and the metallic radiating plate 10 or 
ceramic radiating plate 14 are not always constant in height 
because of working errors of individual parts to be joined 

25 to each other^ and processing errors at the time of joining 
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the parts. However, the pillared or spherical electrodes ^1 
are preferably uniform in height as much as possible^ to »C 
mount to £He circuit board. Therefore, leading end parts of 
the pillared or spherical electrodes 11 are pressed to be 
5 deformed by a smoothing plate 20 having a smooth face, 
thereby un - i formin g the height. Fig. 8A is a diagram of a 
state in which the electrodes are pressed in the absence of 
the sealing resin 12, whereby a pressure of the pressing is 
directly transmitted to joined parts -w ith - the semiconductors 

10 1 because of no sealing resin 12. As such, the pressing 

force should be determined with -a break of the 

semiconductors 1 being taken into consideration. 

In Fig. 8B, the pillared or spherical electrodes 
11 are covered with the sealing resin 12 in a manner to 

15 expose leading end parts of the electrodes 11 with uoc of 
the method in the above-described second embodiment or the 
like. The pillared or spherical electrodes 11 are pressed 
by the smoothing plate 20 and deformed at the exposed parts, 
thereby being^uniformtfy in height. In this case, a large 

2 0 pressing force is required because the pillared or spherical 

electrodes 11 include only a small part that can be deformed, 
because 

However, the pressing force is supported by the sealing 
resin 12 and ooattecared ^ The pressing force is prevented 
from being directly transmitted to the semiconductors 1. 
25 The semiconductors 1 are accordingly less damaged in 
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comparison with^Fig. 8A. An allowance for a set value of 
the pressing force can be made large as compared with Fig. 
8A ^and ^ workability is improved. 

According to the above construction, the smooth 
5 pressing is conducted after the pillared or spherical 
electrodes 11 are joined to the semiconductors 1 and the 
metallic radiating plate 10 or ceramic radiating plate 14^ or 
sealed with the sealing resin 12. The constitution of the 
embodiment can exert the same effects as the sixth 
10 embodiment. The pillared or spherical electrodes 11 can be 
easily uniformS&fP in height by deforming the electrodes 11 

A 

through pressing with use of a jig or a mold having a smooth 
face. 
(EIGHTH EMBODIMENT) 
15 A semiconductor package according to an eighth 

embodiment of the present invention will be described with 

reference to Figs. 9A, 9B, and 9C ft which are sectional views 

1 q 

of a pillarod electrode 1 -i by way of example of tWe pillared 

a? 

or spherical electrode 11 jrti the eighth embodiment of the 
2 0 present invention. 

In the eighth embodiment, the pillared electrode 

11 is formed a double structure of different materials. A 

material constituting an inside and a material constituting 

an outside are different in hardness. 
25 The pillared electrode 11 in a first example of 
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the eighth embodiment is in the double structure as shown in 
Fig. 9A, having a hard inside and a soft outside, or as 
shown in Figs. 16-18, having the outside formed of a 
material of a lower melting temperature than, the^inside. 
More specifically, Fig. 9A shows the pillared electrode 11 
in section., which is formed of an inner member 21 and an 
outer member 22 . The inner member 21 is obtained by cutting 
a wire or bar stock of copper or a copper alloy to a 
constant size and finishing a surface smoothly by barrel 
finishing or the like. The outer member 22 is obtained by 
plating a material softer than copper, i.e., solder, tin, an 
alloy of tin and bismuth, or an alloy of tin and lead^ to a 
front face of the inner member 21. A plating thickness of 
the outer member 22 is, e.g., approximately 20-100ym. When 
the electrode is pressed in an arrow direction in Fig. 9B at 
the time of^joinM*§ to substrate, upper and f lower 

soft plated parts of the "outer member 22 are deformed as 
illustrated in Figs. 9B and 14, whereas a hard part of the 
inner member 21 is not deformed. The whoLc ^bf the pillared 
electrode 11 is prevented from being largely deformed and 
maintains its shape. In Fig. 14, 42 is a base material and 

a 

41 is a copper electrode, which constitute p>fe circuit board 
5. Metal diffusion is brought about ps a part where ^pe 
outer member 22 and the copper electrode 41 are in contact 
with each other. and a part where the outer member 22 and p& 
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aluminum electrode 2 or 3 are in contact with each other. 
In the constitution of the electrode, a height of the 
electrode can be determined accurately and a high rigidity 
can be secured. The plating thickness of the outer member 
5 22 is set to be not smaller than 20pm because this is a 
minimum value (minimum value from experiments) whereat the 
plated part is started to be deformed^ and a minimum value 
necessary for absorbing J^n§ height variation. plating 
thickness of not larger than lOOpm of the outer member 22 is 

10 set because pfe value is generally considered as a maximum 
plating thickness. 

Figs. 16-18 show the pillared electrodes 11 in 
sectionj each of which is formed of an inner member 21A and 
an outer member 22B. The inner member 21A is obtained by 

15 cutting a wire or bar stock of copper (melting point 
^ WVtrfofl" *" ^P^rrtf 11 rirA ) of 1084. 5°C) , aluminum (melting point 
of 660. 4°C), or gold'fmelting point of 1064. 43°C) to a 
constant size and finishing a surface smoothly by barrel 
finishing or the like. The outer member 22B is obtained by 

20 plating solder (melting point of 180-300°C) such as Sn-Ag- 
Cu-based, Sn-Cu-based, Sn-Au-based, Sn-Bi-based, or Sn-Pb- 
based solder, as a material having a melting point lower 
than that of the inner member 21A, to a front face of the 
inner member 21A. Because of the spider of the outer member 

25 22B, the joining strength can be ift^ea. improved. Even in 
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this case, similar to Fig. 9A, when the electrode is pressed 

in the arrow direction in Fig, 9B at the time of joa.nj.ng to 

tpE€ substrate, ^fi upper and £f lower plated parts of the 

-B\tttr ceS^W^vA 

outer member 22B are deformed c^g similar to Figs . 9B and 14, 

5 whereas the inner member 21A is not deformed. The wliUTb of 

the pillared electrode 11 is prevented from being largely 

deformed and maintains its shape. A dotted line in Fig. 18 

shows an electrode of a circuit board. 

»In tho meanfeimG , in a second example of the eighth 

10 embodiment, materials . arc owitwhodnbO ' twoon the inner member 

Gift £wvitW « 

21 and outer member 22,* that is, the inner member 21 is 

A 

formed of a wire or rod stock softer than copper, namely, 

a ft 

any one of tin, tin-bismuth alloy, and. tin-lead alloy^ which 

A A ) 

is cut to a constant size and finished smoothly at a front 

a 

15 face by barrel finishing or tpG like manner. Then, a plated 
layer of a material harder than the material of the inner 
member 21, i.e., copper or copper alloy is formed as the 



outer member 22 jj£ t^e surface of the inner member 21 Jjt a 
thickness of approximately 3-50|am by plating. The outer 

20 member 22 is prevented from being broken when pressured in 
an arrow direction of Fig. 9C and, eventually deformed as 
shown in Figs. 9C and 15. 42 and 41 in Fig. 15 are 
respectively a base material and a copper electrode which 
constitute circuit board 5. Metal diffusion is brought 

25 about p6 a contact part between outer member 22 and the 
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copper electrode 41^ and a contact part between the outer 

member 22 and tj^ aluminum electrode 2 or 3. According to 

the constitution, an irregularity in height of the circuit 

board can be absorbed^and also a uniform pressure is applied 

5 to electrodes through the de formation -even when a plurality 

of electrodes are pressed at one time eft t)af€ joining bimo » 

Different from the foregoing example, the plating thickness 

of the outer member 22 is set to be not smaller than 3pm, 

because the inner member 21 is deformed^ thereby eliminating 

10 the need of deforming the outer member 22. The metal 

diffusion can be generated good by having the thickness not 

smaller than 3um without breaking the outer member. At the 

same time, t*fe thickness of not larger than 50ym is set 
(X 

because tpre value approximately half of the platxng 
15 thickness 100pm of the outer member 22 is considered 
appropriate . 

When the pillared electrode 11 is constituted as 

in the above first example or second example, the electrode 

is hard to deform during tfee joining or the like^whereas the 

20 electrode is easy to deform when a height adjustment is 

required. Excessive pressing's thus not required to adjust 

the height/b^thesmoothi plate 20? with the application of 
oi\W«» -eWrW oJfr *Vv ? ■ ' ^ 

tne seventh embodiment, so that £fcre damage to the 
semiconductors 1 is eliminated. .Furthermore, the work by 
25 the smoothing plate 20 is ^iAmi**ffted and the electrode can 



37 



be deformed with a small amount of pressing when mounted to 
t^ circuit board. The height can be adjusted with an error 
at the side of the circuit board being absorbed. 

any deformation of the pillared electrodes 11 
5 of the first example and second example, the height 
adjustment can be by approximately 5-30ym. 

As described hereinabove, according to the first 
example of the eighth embodiment, the pillared or spherical 
electrode 11 is tjtfe double structure - of th e soft inside 
10 and hard outside, or >ti yfe double structure having the 
outside formed of px£ material p* ^ a lower melting 
temperature than the inside. In the pillared or spherical 

A A bew«£ ^ 

electrodes 11 comprised, of the inside ^4 copper or^ copper 
alloy and the outside ^^a soft material of any of tin //v tin- 
15 bismuth alloy, and^tin-lead alloy, the soft outer member 22 
is deformed at the time of j .o ;Lfta*»g » to circuit board, 



4e|^aw to 

orted by hard copper 



whereas the inner member 21 is supported by* «£Jaa hard coppe 
or^copper alloy. The pillared or spherical electrodes 11 
show no great deformation as a whole, with a smoothness 

2 0 secured at leading end parts thereof. 

The smoothness can be secured by adjusting the 
height through smoothly pressing and deforming the 
electrodes in a heightwise direction, thereby coping with a 
height irregularity of the electrodes at the side of the 

25 circuit board when the electrodes are mounted^ as a 
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semiconductor package^to the circuit boarcuUji other words, 
^aboOTrbirng the height irregularity of the electrodes on the 
circuit board. 

According to the second example of the eighth 
5 embodiment, the pillared or spherical electrode 11 is Jff 

double structure tjf "LUe soft inside and hard outside, or jrfi 
^>Jfe double structure having the outside of tjae material of a 
higher melting temperature than^he ^inside. The same effect 
as in the first example can be obtained even by switching t»v*K' 
10 the materials between the inside and outside of the pillared 

fs A 

or spherical electrode 11. 
(NINTH EMBODIMENT). 

A semiconductor package according to a ninth 
embodiment of the present invention will be described with 
15 reference to Fig. 10. In the ninth embodiment of the 
present invention, pits and projections are formed pt a 
£& ont face of an - oppooitc face of t£*€ radiating plate^o the 
face joined to the semiconductor . so as to increase 
surface »e- thereof resulting in improving Xjpe heat 

9 

20 radiation effect. 

°* . 

In any ra UiaLiny plat e of metallic radiating 

plate 10 and ceramic radiating plates 14, 4 0, pits and 

projections 23 are formed pS — foronte face of "the face 

a 

opposite (lower face in Fig. 10) prS face (upper face in 
25 Fig. 10) where t}^" pillared or spherical electrodes 11 are 
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mounted to tjarff semiconductors 1, 1A, IB. Because of the 
presence of the pits and projections 23 >fc the front face, a 
surface area is increased and a contact area with ptte air is 
increased, so that a heat radiation effect is improved. 
5 That is, jrfe instantaneously generated heat of the 
semiconductors 1, LA, IB is absorbed by a part of a large 
volume density without the pits and projections 23 (namely, 
the face of the radiating plate where the semiconductors are 
mounted) . Then^tfC heat is conducted and transmitted to the 
10 pits and projections 23 and radiated from £J*e surface5of the 

pits and projections 23. Although a sectional shape of the 

-to . „ . 

pits and projections 23 is illustrated nearly triangular in 

Fig. 10, the shape is not limited particularly to tpe 

r^ct(m^u/ of a (c><^ 

triangle and can be roc tangle, ^corrugated -#a?em, or other 
15 forms. 

When the pits and projections 23 are formed p6 the 
H "' I 'll r P' 1 n f *-^<* face opposite the face of the radiating 
plate 10, 14, 40 where the semiconductors 1, 1A, IB are 
joined i*a Lliu '" luii J'l < the surface area of the 

20 radiating plate 10, 14, 40 is increased, so that the heat, 
radiation effect can be improved. Since the contact area £0 
air is increased, an amount of heat of the radiating 
plate 10, 14, 40 to be radiated into the air is increased, 
thereby promoting the heat radiation effect. 

25 (TENTH EMBODIMENT) 
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A semiconductor package according to a 10th 

embodiment of the present invention will be described with 

reference to Figs. 11A and 11B. 

In the~^^ embodiment of the present invention, a 

c<v qA Pace 

5 plurality of bumps 24 are formed each of pfie upper^ first 

electrode ^Jtupper a electrode) and ^fie upper A second electrode 3 

(upper h electrode) of tyfe semiconductors 1, 1A, IB 

(represented by the- semiconductor 1 in "the 'description .below 

-and the diawluya ) , and then, pillared or spherical 

10 electrodes 11 are joined -t h en to the plurality of bumps 24. 

The bump^24 y£ not limited to gold, but may be formed of 



copper or aluminum. In the ' gold bumpS 24, J^ae height 

^ Cifse of ■ ^ 

stability can be easily ensured. In the^copper bumpk24, tppfe 
electrical resistance and t^re cost can be decreased. In the r W of 
15 aluminum bump^24, t*ra processability can be improved. 

The plurality oxJDumps 24 of gold are formed s pb 

frit* 7 

the upper first electrode Mupper a electrode) ^ and the 

upper second electrode ? (upper h electrode) of * the 

a* A * 

semiconductor 1 by a bump formation method using general 
20 ultrasonic oscillation. The bumps 24 are preferably formed* 
to be scattered as much as possible inoidc the upper^ first 
electrode ^(upper a electrode) y<£ and the uppe^ second 
electrode^(upper h electrode) ^]J3^and in a range, not larger 
than a bottom area of the pillared or spherical electrode 11. 
25 If the bumps 24 are formed in an unbalanced state and 
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concentrated to one side, the pillared or spherical 
electrode 11 is sometimes inclined nt~ trm mount tinfe of the 
pillared or spherical electrode 11* or a connection area of 
the pillared or spherical electrode 11 is apt to^ reduce^ 
5 leading to a connection failure. . 

A sectional shape of .fcfie bump 24 is not specified. 
A variation of approximately . 10pm in height of the bumps 24 
generated when formed is allowed because the bumps are 
pressed and crushed when the pillared or spherical electrode 
10 11 is mounted. However, for enhancing an effect in height 
adjustment when the pillared or spherical electrodes 11 are 
mounted, the bumps are preferably formed as high as possible 
and no particular problem is brought about when the height 
is SOpm or more. 

15 According to the above construction, after the 

plurality of bumps 24 are formed pC each of the uppe^ first 
electrode ^(upper a electrode) and the upper^ second 

electrode^(upper h electrode) j&^of the semiconductor 1, the 
pillared or spherical electrodes 11 are joined Qfrto the 

20 bumps 24. As compared with the case where large electrodes, 
i.e., pillared or spherical electrodes 11 are directly 
joined to the upper,, first electrode^ (upper a electrode) ^ 
and the upper second electrode^ (upper b electrode) V of the 
semiconductor 1, the semiconductor 1 is less damaged when 

25 the semiconductor 1 has / Jferfe small gold bumps 24 formed 
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Ir hlOUgli ultrasonic oscillation. When the pillared or 

spherical electrodes 11 are mounted on the bumps 24 ^ throug h 

ultrasonic oscillation, the bumps 24 are deformed thereby 

Qaff^ij, a loacr. to the semiconductor 1 and adjusting the 

5 height- gold bump 24 has ar good solderability, enabling It-* 

joining to the pillared or spherical electrodes 11 by solder. 

In each of the above-described embodiments, the 

lower electrode of the semiconductor 1, 1A, IB having — the 
\ 

Glcctrodoo — to — both — fehe upper anri — lower — facos is joined 

10 with use of the solder to the radiating plate 10, 14, 40, 

and moreover the pillared or spherical electrodes 11 are 

joined to the upper electrodes of the semiconductor and the 

radiating plate. The semiconductor package of ^ high 

^ A 

reliability can be consequently\&f ormed ^easily and stabl^ 
15 More specifically, the electrode pfc one face of each 
semiconductor 1, 1A, 1B^ which h-as p1 prtrndps — f ormod— fco - bot h 
-farces is directly joined to the radiating plate 10, 14, 40, 
so that |J?fe heat of the semiconductor 1, 1A, IB can be 
quickly absorbed and diffused, with heat radiation 

20 effect improved. At the same time, since the pillared or 
spherical electrodes 11 thicker than a wire used in wire 

of 

bonding^ and a larger current capacity than the wire, are 
employed for the connection, the pillared or spherical 
electrodes 11 can be utilized as connecting terminals po ttafe 
2 5 circuit board. 
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In the case of the insulating ceramic radiating 
plate 14, 40, having insulating function, semiconductors 1A 
and IB of different functions can be mounted simultaneously. 

The present invention is not limited to the 
5 foregoing embodiments and can be executed in other various 
modes. 

For example, each of the above embodiments is 
primarily related to the case where one semiconductor 1 is 
mounted on the metallic or ceramic radiating plate 10, 14, 

10 40. If a plurality of semiconductors of the same kind are 
mounted^ or a plurality of semiconductors 1A and IB of 
different types are mounted, a circuit of a wide range can 
be formlcl ^small with a higher efficiency than when one 
semiconductor 1 is mounted. If yrfe plurality of 

15 semiconductors are mounted, wiring between tja^semiconductor 
elements, i.e.w ICs % becomes short to^lower a*f impedance, 

) A 

whereby an electric high frequency transmission loss is 

reduced and an efficiency can be improved. When an 
electronic circuit module used in combination yz a 

20 predetermined plurality of ICs is incorporated in one 
package, a ratio of dead space decreases and the dead 
space becomes small. In other words, for example, in the 
case where two kinds of semiconductors for a transistor and 
for a diode are to be used, the semiconductors pair in terms 

25 of an electronic circuit to be used, and therefore^ leads 
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of the above op€ package can be reduced to three although 
the semiconductors in different packages ive leads. 

The circuit of a large range can accordingly be f ormed^small . 

One example where the semiconductor package of the 
5 embodiment is applied to actual products, are power modules 
such as motors for industrial use, such as AC servo motors, 
usable for robots or component mounting apparatus. 
Specifically, such a motor has motor output of 100-200W, 

normal calorific value of 10-20W, load or abnormal 

10 calorific value of 20-100W or 20-200W, performing a 
switching conversion function of a semiconductor element at 
normal time and an accelerating and decelerating motion at 
loading time, and GauoAng a locking motion or^motor's rotary 
shaft at abnormal time. In this case, each electrode has 

15 the following outer diameter and height: lmm-diameter of 
each electrode at £Ke substrate side and tjare semiconductor 
element side, Imm-height at the substrate side, and 0.5mm- 
height at the semiconductor, side. The shape of each 
electrode is column. The load voltage of the semiconductor 

20 element is 200V, and the current is 1-5A. Taking into 
account with - insulating properties, a distance between p& 
adjacent electrodes having different potentials is away f rom 
oaah - — uLhiLJ^Jay at least 0. 4mm and the electrodes are 
preferably coated with an insulating resin. 

25 As above, according to the present invention, the 
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lower face electrodes of semiconductors^ each having 

electrodes formed both upper and lower faces^ are joined 

with use of t#e solder to the radiating plate, and moreover, 

pillared or spherical electrodes are joined to the upper 

5 face electrodes of the semiconductor and the radiating plate. 

The semiconductor package constituted ^ . iLli ur; u " ' uf one or a 

plurality of semiconductors can be formed in a simple 

structure with a superior heat radiation effect and a stable 

A 

quality. 

10 Concretely, since the lower^ electrodes of the 

semiconductors are joined to the radiating plate, heat 
generated at the semiconductors can be directly transmitted 
to the radiating plate. Moreover, the upper^fxrst electrode 
(upper a electrode) and the upper^second electrode (upper b 

15 electrode) of the semiconductor are joined to the radiating 
plate with use of the pillared or spherical electrodes^ which 
are thicker than a gold or aluminum wire used for wire 
bonding anc^hard to deform after the joining. J£l*e Mother 
ends of the pillared (columnar) or spherical electrodes can 

20 be utilized as connecting parts to circuit board. 

Accordingly, the present invention provides 
semiconductor package which can cope with a large current, 
can easily improve ttfe heat radiation efficiency and secure 

A 

a distance between electrodes. semiconductor of a large 

25 operating current and voltage^and a large heat amount can be 

* ) 
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mounted compacV? inexpensively and highly reliably^ and can 
be manufactured stably. 

When the semiconductor and the face of the 
radiating plate joined to the semiconductor are covered with 
5 t^ sealing resin in a manner to expose part of leading ends 
of the pillared or spherical electrodes, each component can 
be protected from deformation, damage, moisture, dust, and 
the like and becomes easy to handle with as a semiconductor 
package after 

10 When independent electric .""circuits of a plurality 



of polarities of a single* or combination of gold, silver, 
copper, nickel, and tungsten are arranged j/5 pete r n rnTn fi. o ofi 
t^r^radiating plate ^ and semiconductors of different kinds 
are joined to the ^e-l-ect'r'ft: circuits of the plurality of 
15 polarities of the radiating plate, the indpppnrlftnt plurality 
of polarities can be formed independently of each other on 
the same face of the radiating plate J/^viltYi tjptff utilization 
of insulating properties, heat conduction, and heat 
radiation properties of the ceramic. 



<2T 

20 When the radiating plate is formed J*i a multi^ 

layer A structure e# c eramic having semiconductors ^ and 

electrodes for the pillared or spherical electrodes^ formed 
of a single or combination of gold, silver, copper, nickel, 
and tungsten x pO the front face thereof J and r also • hav***? 

f fnx<\ Ml 'of 
25 ^-^oilftlic^ layers ^formed of the same material as Hiu iKiaLUlldr 
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the electrodes a£ the front face between the ceramic 
layers to be connected to the electrodes pf the front face 
to radiate heat from both the ceramic radiating plate and 
the conductor layers* ^Ife heat generated at the 
5 semiconductors can be transmitted from the eleG-te-Fi-c- circuits 
through the ^^AuctiSr^ layers and internal conductors to 
lower ceramic plate with utilization of heat conduction 
properties of the metal. Accordingly, jf heat diffusion 
efficiency is improved and ^ heat radiation efficiency can 

10 be made, much better . 

' In the case where one semiconductor is to be 
mounted^ or a plurality of semiconductors having lower 
electrodes of ^4 equal current and voltage characteristic! 
are to be mounted, the radiating plate itself can be a 

15 conductor. If the radiating plate is formed of any one of 

a 

copper, copper alloy, aluminum, and aluminum alloy, or the 
radiating plate is formed of feke metal af ter^subjected to a 
surface treatment, the material forming the radiating plate 
transmits heat and electricity g ood ? diffuses heat quickly 
20 and is easy to solder ^among, metals, so that ]>ne heat 
radiation effect for the semiconductors can further be 
effectuated. 

When part of yrfe sealing resin and part of the 
pillared or spherical electrodes are removed simultaneously 
25 after the pillared or spherical electrodes are covered with 



48 



the sealing resin, thereby exposing Jpafe electrode parts to 
form JJrfe connecting part^ the pillared or spherical 
electrodes can be uniform^ m height a ^u urntely . 

When the pillared or spherical electrodes are 
pressed to be smooth aftJr^D^ned to the semiconductors and 

a aStei v«o\f A 

£Ke metallic radiating plate j or sealed -^With the sealing 



resin, the pillared or spherical electrodes are^deformed to 
be uniform in height wo i I ff when pressured with use of a jig 
having a smooth face or a mold having a smooth face. 
10 In the case where the pillared or spherical 



electrodes are formed j^rS*© double structure -fr£ llitr hard 

inside and soft outside, or a m the- double structure having 

Jt the outside of a material a lower melting temperature " 

^ than the inside, although the soft outside of the pillared 

A O 

15 or spherical electrodes is deformed when joined to pre 
circuit board, the pillared or spherical electrodes are 
prevented from being^e^rmed largo -as a whole because of 
being supported by the hard inside material, whereby a 
smoothness can be secured at the leading end parts of the 

20 pillared or spherical electrodes. 

If tyfe radiating plate is provided with ptie pits 
and projections felic fiunL face eyf the — fa ee - opposite jZQ Ca 
tj3ja^ O "t Y r e d ^cet^to^W^ semiconductors, the radiating plate 

A a 

has a larger surface area, thus improving t>4 heat radiation 
25 effect and, also increasing tl?e contact area to the . air, * * v J 
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increasing an amount of heat of the radiating plate -#e*. 

liwiratM ag. to the air. 51*^ heat radiation effect can be 

A 

promoted. 

9 

In an arrangement in which JJre plurality of bumps 
are arranged p6 each of fclie upper A first electrode (upper a 

0S\ -for 

electrode) and tone upper, second electrode (upper h 

4 

electrode) of tyne semiconductor, with t}*§ pillared or 
spherical electrodes being joined "^pn the bumps, the 
semiconductor can be less damaged because -fefee- small gold 
blimps ^se formed thr o ug h ultrasonic oscillation^-fekasr when 
thp" large pillared or spherical electrodes are directly 
joined to the upper first electrode (upper a electrode) and 

■{W * 

the upper, second electrode (upper h electrode) of the 
*\ 

semiconductor. Setting the pillared or spherical electrodes 
on the bumps trhgough ultrasonic oscillation can oaoe a load 
to the semiconductor because of the deformation of the bumps > 
and can adjust the height. t 9b& (gjold bump^ JJ* good in 
solderability, enabling joining to the pillared or spherical 
electrodes py a solder. 

Although the present invention has been fully 
described in connection with the preferred embodiments 
thereof with reference to the accompanying drawings, it is 
to be noted that various changes and modifications are 
apparent to those skilled in the art. Such changes and 
modifications are to be understood as included within the 
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scope of the present invention as defined by the appended 
claims unless they depart therefrom. 
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ABSTRACT OF THE DISCLOSURE 
Electrodes of one face of a semiconductor which 
has electrodes formed J?o both faces ^ and a heat radiating 
plate are directly joined to quickly absorb and diffuse heat 
of the semiconductor, thereby improving a heat radiation . ^ 
effect. At the same time, electrodes are . connected. w± Ch u^»u 
©s-d--w«?e thicker than a wire for wire bonding and larger in 
current capacity* -aad^ can accordingly be utilized as ^ 
connecting terminal to a circuit board* Ceramic is used for 
the heat radiating plate, so that semiconductors of 
different functions can be mounted simultaneously. 



